Objective: This study examined associations between functional polymorphism (Val 108/158 Met) in the catechol O-methyltransferase (COMT) gene and eye tracking measures in schizophrenia.
A functional polymorphism (Val 108/158 Met) in the catechol O-methyltransferase (COMT) gene is implicated in the etiology of schizophrenia (see Wonodi et al. [1] for review). The COMT gene affects the level of prefrontal dopamine, which modulates the way information is processed by prefrontal neurons during the performance of a number of important cognitive operations (2) . The purpose of the current study was to examine the relationship between COMT polymorphism and smooth pursuit eye movements in subjects with schizophrenia and healthy subjects.
Abnormalities of smooth pursuit eye movements are thought to mark liability for schizophrenia. Smooth pursuit eye movement is a highly complex behavior served by a widely distributed neuronal network. Investigators have divided smooth pursuit eye movements broadly into two components: 1) responses based on retinal motion processing and 2) predictive pursuit responses based on internal representation of the target motion (see Fukushima [3] for review). Together, these two aspects of smooth pursuit eye movements serve to capture and maintain the image of a target on the fovea (4). Each component is served by distinct neural circuits that are only partly overlapping. Frontal cortical neurons play an important role in the modulation of predictive smooth pursuit eye movements (3). The construct of predictive pursuit based on internal representation of the target motion is similar to the construct of working memory. Studies in monkeys (5) suggest a critical role of dopamine in visuospatial working memory.
Method
A total of 62 subjects with schizophrenia (mean age=41 years, SD=10) and 53 healthy comparison subjects (mean age=41, SD=15) gave written informed consent and underwent extensive structured clinical evaluations (details given elsewhere [4] ). Interrater reliabilities above 0.85 (kappa) were maintained. Healthy comparison subjects did not have any axis I diagnosis, schizophrenia spectrum personality disorders, or family history of psychosis.
An infrared method (Eye Trac Model 210, Applied Science Laboratories, Waltham, Mass.) was used to monitor eye position (details given elsewhere [4] ). Subjects were asked to follow a moving target with their eyes (constant target speed=18.7°/second; amplitude=±12°) while their heads were stabilized with chin and head rests. Twelve trials were administered, each consisting of 1.5 to 2.5 cycles of back-and-forth target motion. Each trial included a mask that briefly (for 500 msec) concealed the target. Subjects were made aware of the fact that the target became invisible briefly and were instructed to continue to follow the target. The mask occurred either during a ramp or at the change in ramp direction. Pursuit gain measures from the mask period from these two types of trials were averaged to obtain a measure of predictive pursuit. Closed-loop gain, a measure of overall pursuit performance, was obtained (details given elsewhere [4] ).
Genotyping methods are described elsewhere (1) . Briefly, the COMT Val 108/158 Met genotype was determined as a restriction fragment length polymorphism after polymerase chain reaction amplification and digested with NlaIII according to the method of Egan et al. (2) . Genotyping was repeated in 16 subjects, and in each case the repeat testing showed the same findings.
In our statistical analysis, first we confirmed that the observed distribution of genotypes was not different from the distribution expected under the Hardy-Weinberg equilibrium by chi-square test (χ 2 =3.0, df=1, p>0.05). The allele and genotype frequencies of subjects with schizophrenia and comparison subjects were then compared by using a chi-square test. Analysis of covariance with age as a covariate and genotype and subject diagnosis as two between-subject factors was carried out to examine the effects of COMT genotype on smooth pursuit measures in the two subject groups.
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Results
The 62 subjects with schizophrenia had genotypes with nonsignificantly more Val alleles than the 53 healthy comparison subjects (χ 2 =3.12, df=1, p=0.08, Mantel-Haenszel chi-square for difference in number of alleles). Val-Val, Val-Met, and Met-Met genotypes were present in 29 (47%), 22 (35%), and 11 (18%) subjects with schizophrenia and in 16 (30%), 23 (43%), and 14 (26%) healthy comparison subjects, respectively.
Analysis of predictive pursuit gain showed a significant interaction between genotype and diagnosis ( Figure 1 and Table 1 ). Planned contrasts suggested that healthy subjects with the Met-Met genotype performed significantly better than healthy subjects with the Val-Val genotype (t=2.3, df=114, p<0.03), whereas the performance of Met-Met subjects with schizophrenia was nonsignificantly worse than that of Val-Val subjects with schizophrenia (t=1.9, df=11, p<0.07). Within each diagnostic group, the COMT genotype explained about 10% of the variance in predictive pursuit performance. Differences between healthy subjects and those with schizophrenia emerged only in the presence of the Met-Met genotype ( Figure 1 and Table 1 ). Analysis of closed-loop gain showed that there were no significant effects of genotype or genotype-by-diagnosis interaction (F<1.12, df=2, 114, p>0.3) but that there was a significant main effect of diagnosis (Table 1) .
Discussion
Schizophrenia is now recognized as a multifactorial disorder encompassing several intermediate phenotypes, each likely affected by one or more genes. Defining and applying these endophenotypes in genetic studies is important for identifying schizophrenia-related genes. For this it is critical that physiologically specific or "elemental" deficits are identified that are associated with schizophrenia liability. In this context, note that the traditional measures of smooth pursuit, such as closed-loop gain, are generally global and evaluate the final output of a highly complex and widely distributed system. Recent efforts have identified several distinct aspects of the smooth pursuit eye movement response that are affected in schizophrenia. Data from the current study suggest that the predictive component is influenced by COMT genotype in healthy subjects, explaining about 10% of the variance. Consistent with the effects of the Met-Met genotype on other prefrontal cortical functions, healthy subjects with this genotype performed better than those with the ValVal genotype. Such an effect of COMT genotype was not observed in patients with schizophrenia. If anything there was an opposite, nonsignificant effect of the Met-Met genotype in subjects with schizophrenia: patients with schizophrenia who had the Met-Met genotype showed significantly poorer predictive pursuit than healthy subjects who had the Met-Met genotype.
Based on these findings, we hypothesize that predictive pursuit deficits in schizophrenia are attributable to the joint effects of the Met-Met genotype of COMT and other etiological factors. For instance, these factors may increase dopamine activity, making the Met homozygous genotype detrimental to performance. This is consistent with the inverted-U model of prefrontal cortical function and dopamine described by Mattay et al. (6) , who suggested that, if dopamine signaling is high, Met homozygotes would experience deterioration in prefrontal function and that, in the absence of excessive dopamine signaling, Met homozygotes would experience improved functioning. A recent report (7) noted an aberrant stress- related response associated with Met-Met genotype in healthy subjects, suggesting another possible interaction of COMT genotype and predictive pursuit abnormality involving stress-related etiological factors in schizophrenia. Supported by NIMH grants MH-49826, MH-67014, and MH-68580.
